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Description 

The present invention relates to a method and an 
apparatus for depositing a film over a substrate. 

Since semiconductor devices were first introduced s 
several decades ago. device geometries have 
decreased dramatically in size! During that time, inte- 
grated circuits have generally followed the two year/half- 
size rule (often called Moore's Law), meaning that the 
number of devices that will fit on a chip doubles every 10 
two years. Today's semiconductor fabrication plants 
routinely produce devices with feature sizes of 0.5 \im or 
even 0.35 jim, and tomorrow's plants will be producing 
devices with even smaller feature sizes. ^ ; . : . v . r 

A common step in the fabrication of su* devices is is 
the formation of a thin film on a substrate by chemical 
reaction of gases. When^patterningthin fflms, it is desir- 
able that fluctuations in line width and -other critical 
dimensions be minimized.^ Errors in these dimension 
can result in variations in device characteristics or open- 20 
/short-circuited devices, thereby adversely - affecting :y< 
device yield. Thus^as featureisizesrdecrease^struc- 
tures must be fabricated with greater accuracy^As-a 
result, some manufacturers now require that; variations 
in the dimensional accuracy of patterning ; operations:be 2s 
held to within 5 % of the dimensions specified by the 
designer. _ _ ..... . 



Thin films are often patterned by etching away por- 
tions of the deposited layer. Modern subsSrate'pr&ess- *^ :V * ; 
ing systms. t <rte^ tedinigues 30 

in the ©u^^phitol^o^^;/ 
graphic t^fwqu^ light- 
sensitive" material. In i conventional processing . photore-; 1 
sist is first deposited on a substrate; A photomask (also 
known simply as a mask) having trangtere^rl \ { and , 35 
opaque regions that embody the desired pattern is' posi- 
tion d over the photoresist. When the mask is exposed 
to light, the transparent portions permit the exposure of 
the photoresist in those regions, but not in the regions 
where the mask is opaque. The light causes a chemical 40 
reaction in exposed portions of die photoresist. A suita- 
ble chemical, chemical vkpor 'qrjqn I bombardment proc- 
ess is then used to selectively-afeck either the reacted , 
or unreacted portions of the photor^^ This process is 
known as developing the photoresist; With the remain- 45 
ing photoresist acting as a mask^the underlying layer 
may then undergo further processing. For example, 
material may be deposited, the underlying layer may be 
etched or other processing carried but 

Modern photolithographic techniques often involve so 
the use of equipment known as' -steppers, whicii/are 
used to mask and expose photoresist layers. Steppers 
often use monochromatic (single-wavelength) light 
enabling them to produce the detailed patterns required 
in the fabrication of fine geometry devices. As a sub- ss 
strate is processed, however, the topology of the sub- 
strate's upper surface becomes progressively less 
planar. This uneven topology can cause reflection and 



refraction of the monochromatic light resulting in expo- 
sure of some of the photoresist beneath theVqpaque 
portions of the mask. As a result, this uneven ^surface 
topology can alter the patterns transferred by the pho- 
toresist layer, thereby altering critical dimensions of the 
structures fabricated. 

Reflections from the underlying layer also may " * 
cause a phenomenon known as standing waves. When 
a photoresist layer is deposited on a reflective underly- 
ing layer and exposed to monochromatic radiatiori (e.g. . 
deep ultraviolet (UV) light), standing waves may be,pro- i f . 
duced within the photoresist layer!' In "such a situation, 
- the reflected light interferes with the incident light and 
causes a periodic variation in Jight jrrtensitv^ wjthirj the , ^ . . . 
photoresist jayer^in theVeft * 
effects are usually more prohounced^af the deep jyy 
wavelengths used in modern steppers than ' at shorter 
wavelengths because. many ^ commonly* used materiajs^f: 
are more reflective at deep UV wavelengths. The use of 
monochromatic light, as contrasted with polychrornatic( \ - \ ■ 
\ (e.g., white) light, also contribut^;^ 
because resonance ; is > more ieasilydnducedi in. rrohtp- 
chromatic light The existence of standing waves in trie 
photoresist layer during exposure causes roughhess^in(3\; 
the vertical walls formed when the\phdtoresist layers 
developed, which ^translates *;irto;1variationis ^in^line 
widths, spacing and other critical [dimensions. ^_ 
One techniqu e helpfui in adFii^hgHSier necessary 
> 'dimensior^ is : 4hWuW'c^ 
coating (ARC). An ARC'S optical characteristics are . 
choserfio^™^^ 

irter^c^rTOe^ARiC'S €fi^rj$ve^ 
amount "of 'npr^^romafic JigWf^OTsrrfflal _ In ertfrer 
directiomsmi^^^ 
Inctfw^ 

tive 'IndtSfTecfive' ihdex^are" fixed^atWufe*t|Tat 6av&&*V z - 
any ^rfl^orSrwW^i .rrught still ^c^K'tabe^c^llifl^^ 
byyindd^tjight This cancellation is accomplished by 
ereunftgr that reflected light is 180° (or 540° or another 
odd murtiple^of J 80?) ou>tf -phase with respect to the 
/incident light. % v " 0^ y 'nvi" ; 

..» r Rg^fA illustrates another v phenomenon often 
c ^hcpui^ as footing. In a 

tradkibhal^ 110, which 

is to be patterned; :iis depqsited or grown on a substrate 
.120: In a traditional patterning process, a photoresist 
l ayer 130 is first deposited on layer 110. Photoresist 
iayer 130 is then developed (i.e., patterned). This pat- 
tern is exemplified in Fig. 1A by a gap 140. Once pho- 
toresist layer 130 has been developed, the exposed 
areas of layer 110 may then be subjected to further 
processing, such as doping, etching or the like. 

As is illustrated in Fig. 1A. after photoresist layer 
130 is patterned, residual photoresist material may 
remain in junction areas 150 and 160. This residue, or 
footing, can cause variations in line width. Footing is 
underexposed photoresist material, which may remain 
at the foot of the vertical walls that are formed during the 
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developing of photoresist layer 130. Footing is caused 
by the existence of amino groups (NH4 4 ) at the surface 
of layer 110. and therefore is related to the amount of 
nitrogen contained in layer 110/ Amino groups are 
slightly basic, and can form bonds with the photoresist 5 
material (which is slightly acidic) at a bottom portion of 
photoresist layer 130. When this occurs, the affected ^ 
photoresist material is desensitized to radiant energy.- 1 
Given this reduced photosensitivity, the bottom portion - 
of photoresist layer 130 resists developing completely/ 10 
and so may remain after the photoreisist layer is devel- 1 
oped, Some desensitized areas, -such as areas An the 
center of gaps and large open, areas, can be^ fully t, 
exposed by simply increasing the exposure's duration.- ~ 

However; an exposure of longer 'duration may not 15 
be effective in exposing desensitized phbtoresist rhate- 
rial in areas such as junction areas 150 and 160rRadi-' -T 
ant energy, after passing through an opening, will vary 
in irtehaty yi^ centerfirie: 
On averager tfiS' r^Sliht energy^ iirAensity ' fdlls-as l the 20 
angle from the opening's certerlihelnc^^ 
to the^irrtbhsity rr^muiri^that e>ap&^at* c: th<B ^opfehing's 
cerrtSHinie? This^is v iif addordanwi^^ 
which predicts, this type of cfiffractiorf phenomenon. 
Thusi'a ioriger^ m^alter Hie* resulting 2s 

line yw^rbiiPdoesT^ 

ThV^ehing- at 'trie top of a gap; siich ds 1 gap 1 40, 
may : ^e^^su|cfy v^tioh£ in n irtOT^^*wW 
Bec^S^lf i£W^ 

(i.e., frorn ttesxent^ & gap rthe s pfi(^r^klnimlis- so 
tionar&s 

to th&%^^m jg^l^ 

photor&iSt jp!tri(^c|^er ^\S^[^^' r ^ r ^T y ^P^^' 

This! 1n*;torri; te^Jf in ^ 

areaS^andli^ 35 
subsequent patterning of layer IIO^Wsje^Qj^TOt^ 
rial pr^e^|>or^ 

resufiinff ; iin^ IwM^S'y^viati^fri^ ihiir^^^iMn- 
sions. .. " 1, v 

tficTjrf^^ % Qiven 1 with 40 

resp^^toja poj^vei; pfi^or'^r^^As; |>>^^ous3y;^rtot«J. 
photoresist is an 'prglanic 'TOn^^nd/ 1^ soliiiiiity ! of ^ ; 
which'crtang^ 

radiant energy Trie regions in the ph^rifei^-ejq^ed 
to tight become either more soluble or less soluble in a 45 
solvent call ed a 'developer. When the exposed regions 
become more &iuble* *a posiSye image of the mksk is 
defineci in trie pribfer^i^ ffiis iV jf^^e 
photoresist. If the irradiated r^iohs' become le&s Solu- 
ble in' tKe deveidper^while ! the 'to so 
remain soluble/ a negative image ^the : rnask fe defined 
in the photoresist. This is known as a h^ative.pHdtore- 
sist. A n^ative ^ believed to sbffer from a 

similar; but opp^e effect where "materiai * is etched 
away f rpm undern^h po ^eiqiosecl [resist creat- ss 
ing "n^aWefootihg." Thisrtooris'a problem thai rieseds 
to be addressed. " 
Vet* another phenomenon encountered in phcrtoii- 



thography is the varying etch selectively exhibited by 
various materials with respect to the etchants used in 
the patterning of layer 1 10.. Etch selectivity indicates a 
material's reactivity with respect to a given etchant in 
relationship to that of another material. , Etch selectivity 
is usually denoted by a ratio of the etch rate of one 
material to that of another, and Is usually taken with 
respect to the material of thejayer being .etched. High 
etch selectivity- is therefore often , desirable because, 
ideally, an etchant shoukJ s^ectively. etch , only the 
intended areas of the layer being patterned .and .not : 
erode.other structures; that may already exist.pn the 
substrate being processed. , /. ; . , : r., ... • - , 

High etch : selectivity is desirable, in a photoresist , 
layer because it translates into irrproved accuracy when . 
transferring a mask pattern to the underlying layer* Ha,, 
photoresist layer's etch selectivity is low, the etching 1 
operation may remove not only the exposed portions of 
the layer being patterned, but also portions of the phor - 
toresist layer; -Whileitheifemoval QfcSDme photoresist; k< 
material tiunhg'-'dchihg£is< lowietchT 
selebtivity may cause the photori^st lay^r to beretdied. f - 
through '(or back? away from the exposed areas of the -/ -i- 
layer being patterned) to the points thait-portiohs okthes 
layer-being J pattern^ have been pro^:i 

tected; are al^ s exj^edito the etc^ant> \ 

The phenomenon 1 referred to herein'as photoresist 
etch-back is illustrated in^Figi^lB^by^the difference. > 
between an intended profile 270 and the actual profile of 
a gap 245i-Because ; th© -etch selectivityiof> photoresist, 
layer 220 is low,* phbtoresist layer '220 :fe etched backh 
from-gap^245 during the patterning of an (underlying;; 
layer 230! ? Wrth6ut alayerofphotor^istfrnateiial to;piro^ ; 
tect it; the additional- portion * of underlying layers 230 : 
: erKx>mpassed ; by intended* profile^270Ms : etched^away,>r- 
along with the portions of underlying layer 230 originally^ 
intended 'for festival: "* A:Mv*^oo<r>j .m^lkis r.t 

'The phethomiehori* Veferred to ^herein„-as -etch-^ * 
through is fliustrated in RgMB by.an etch-through.260.^ : 
Eteh^throughoccurs^when photoresist layer-220f due >to^ j 
its low etch selectivity, is substantially etched taway in a^- 
given area durinjg the patterning of underlying Iayer230;- 
Such ovefHetching may cause undesirable variations in^ 
surface topology and device^ characteriisticsr* and- may ^ 
even render devices thus - fabricated inoperable. 
Although a thicker photoresist layer may be employed to 
reduce over-etching; thicker photoresist layers may • 
require longer development times. Also, even if the pho- 
toresist layer is applied in greater thicknesses, over- 
etching may still occur if the photoresist layer-is not- 
applied evenly, t 1 - ^i>,**r»>. h ^ > ^ ... n - w 

It is therefore desirable to provide a technique that * 
reduces the footing experienced by a photoresist layer 
used in patterning ' a thin film in order to improve the* 
accuracy of the patterning processor Additionally.- it is 
desirable to ensure the protectiiDn of unexposed areas - 
of the layer being patterned. However; such techniques 
should not interfere with desirable optical qualities pos- 
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sessed by an associated ARC layer. 

It is the object of the present invention to provide a 
method and an apparatus for depositing a film over a 
substrate, in particular to improve accuracy in a photo- 
lithographic processing of substrates and to pattern thin s 
films during substrate processing, wherein low nitrogen 
content layer is deposited to reduce footing experienced 1 
in a subsequently applied photoresist layer, without sub- 
stantially adversely "altering the optical qualities of an^ 
associated antireflective layer (re:, antireflective coat 1 io 
ing. or ARC). ^ ? " " ' ^ : ^-v 

According to a prefered embodiment of the method 
of the present invention, aJgwj Tjtrbqen conten t laver is% 
HopngjtpH pvpr tha uppp.r surface of an -ARC to reduce 
the^mber_afj^mtnoL^ to a subs e- ^ . 

Que ntiv applied photoresist lay er, thereby reducing foot- . 
ing experienced in the photoresist layer. The method of : , 
the present invention begins by depositing /an ARG, :; 
which is preferably a Ja yer of silicon oxynitride (SiQyNy) 
or silicon nitride (SiN v );_ cver a substrate . ,The- : ^RG;Js f . - 
deposited to reduce-the reflection ardirefraction of incir ^ 
dent radiant energy occurring in a subs^uer^yisgaplied, ^, 
photoresist ^ayer^Neartj^^ 

such as-asili<mi>xkie4 layeriisv.. 



referred to herein as a^<^ro ing-laver>jIh,e^cappii^:!ayer.v J 25 
passivates amino groups that may ?existv at the ^upper^. . 
surface of -the ARC; thereby improving the accuracy with 
which the substrate is: patterned. The capping layer'si , 
thicknesses selected I; so that it-does ^notrsubst^allyvr 
adversely alter the ARG'soptical qualities, TTie photore-, r 30 
sist layer is then depositedover the capping lay^cafter,^ 
which a^ traditional patterning ^process is ^ fpllqw^d, n! 
including, developing vthe> phptor^i^ePaM^^ 
substrate; and removing the remaining photoresist cap-i. v . 
ping layer; and^ARC T material : after- t thei substrate i: tas nf .?5 
been patterned.-: ^nr W-N-u ?n? ^uh-;^': H?;*/ ^r-; 

In another embodiment, for example* r xa0S^M v 
energ y 'having-a* wav.e lencrthi ? oi-248ww^is*used. This 
mandates-a capping .layer thaTisj preferably beNveen ^ 
about SOAand r150 A in thickness Hcwwer.jtte ao 
radiant energy<sources withrdifferent wavelerigttis may * ... 
require the use of different thickness ranges. Moreover.^ 
the materials used to form the substrate, .the .ARC-.and.^ .' . ; 
the photoresist layer, along with other parameters. -wfll: r 
affect the capping layer thickness selected, .,>••- ■. v *s 

In^another embodiment, the present invention, is - 
used both to reduce footing in a photoresist layer and to . 
improve pattern transfer from a mask to a v substrate. : 
Such a layer is referred to as ajTargtoask. A hardmask t 
is deposited o yer an ABC , preferably to between about so 
700 A and 1 100 A in thickness, although greater ttick-j r . 
nesses may be used as long as the ARCs optical qual- 
ities are not substantially^ adversely altered. These, 
greater thicknesses * are approximately, equal to the,, 
thickness of a corresponding capping layer plus? a whole * 55 
multiple of about 800 A. A hardmask helps to protect the . 
substrate during patterning operatipns.by providing an, 
additional thickness of protective material and, in some 



cases, a layer having a high etch selectivity, without 
substantially adversely altering the ARC'S optical quali- 
ties. This addresses over-etching of the photoresist 
layer via phenomena such as etch-back (the etching of . 
material back from open areas) and etch-through (the 
etching of photoresist material exposing the underlying 
layer). A hardmask according to the present .invention is 
thus capable of providing more accurate fabrication of 
structures by muting the effects .caused, by theexces-, 
sive erosion of photoresist material during the pattern- , 
ing process.- ....* = >.. ^ z .,. :r v .* ;c ,„ r . r ..-'^ 

Further prefered embodiments of the invention and < 
the features thereof are given in the appended claims * 
and subclaims.- .;^r^; -^u-^y^ v : v?/.- ^ U< — 

Prefered embodiments of .the invention, will now be 
described in detail in. conjunction .wi^jthe.ac^npary^ 
ing drawings in which: : - v >„V V^...-, , ;/ ,. , 

Fig. ,1 A is a.simplified^ 

[ntegrated .circurt pf the prior art stowing^a phicrtbre; 
sist,layer r having footing ;^ r; -r 
Fig. : IB. is :a^impltfiecl ^^^erfonaj w^^rf ; an^ 
integrated circuit of the prior art sh^ng,fhe effected 



of Jew .etch sel^ivrty; * 

embodiment of a iinrpiifT^che^^^ \ 
tiqh (CVD). i a^ratus. : . which t TOy B ^e^used f for 
depositing ,a f f flm , aTCordinb, ^*£jif^ 
Rg v 2Bis § s;nr$ffi^ 

.system,, which tnsyJnd^ , 

fgerarchiralOTi^oLs^ crf,^e.,sv^em,<»n^ 
^^^e-us^.to r .OT^ ttjpjC^D ^ 

system! shora^^lg!^^ .^co^cjing ;to T a.^ecrtic^_ 

.Fig.^A, js^.si^if ie^. ^^^^on^fN.gJan 
irrtegr^^idrcuit according to the present inverrtion" 
showing an ARC structure having a capping layer; ^ 
,Fig. 3B f is a simplified CT^;S^pn^y^ 
integrated t drcuit acco^ing Jo^tKe pr&errt inve^on^ 
'shp^ng.im,.^RC^^^ hardmasic'. 
layer, in a atuation ^fhere, a ^hi^rra^^er £ eihib- [. 
; rts. jqw ,etdi $eietix^ to a faye^being . 

.patterned^ „: , . ^^.. r . . -< ^-i 
Fig, 4.is,a t flcw diagram t illusrt^ 
steps perform^ Jn patterning ^.unjde^^ 
using a capping jayer^ aocord- 
ing to the pr^ent iwention; ^ r t . . ^. _ ; . ^ V v 
Fig.' 5 Is a flow diagram for a prpqess of ; depositing 
a .capping Jayer .accoicjing to, t the . method of. ttie 
present invention; \ ,7/ r " . ^ 7; . . . . *~ : - i 
Fig. 6 . is a graph of rdl^iyity versus capping . 
layer/haridmask thidiiess for a simulated dielectjic. 
ARC (DARC) structure dep^itedjcwer^a 
silicide substrate according to the "present inven : 
ton; r ... ;! , jk! _^ 
Fig. 7 is a graph of reflectivity versus capping 
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layer/hardmask thickness for a simulated DARC 
structure deposited over a polysilicon substrate 
according to the present invention; 
Fig. 8 is a graph of photoresist line width versus 
photoresist layer thickness for a simulated DARC s 
structure according to the present invention; 
Fig. 9 is a graph of reflectivity versus capping 
layer/hardmask thickness for a simulated DARC 
combination deposited over an aluminum layer; 
Fig. 10A is a scanning electron microscope (SEM) io 
photograph of a strip of photoresist developed on' 
an ARC without a capping layer accorcfing to -the 
present invention; and - > ' : ? r; 

Fig. -10B is an SEM photograph of a strip of pho- 
toresist developed oh an ARC' having a capping is 
layer according to the present invention deposited 
between the photoresist layer and the ARC. ; 

L Introduction " - - - . - ^ w. 

The* present invention' is low ^nitrogen content 4pv- 
layer (e.g., a silicon oxide layer) that cian beernployedto^- 
reducefboting in photoresist layers thereby providing a 
more accurate transfer of j an original mask pattern to the 
layer being^ psMerried: L In- certain ernbodimfents^^ the - 25 
present invention -can 1 also be employed to reduce pho-^ :s 
toresist etch-back antf eteh-throug^ 
enced income photolithography operations.* T^ layers 
of thepr^eht : ihventibn l canbe f ^ 

chambers 6f conyentional design/ \ !; ^^'^cia.ol ' t v^so 
II An- Exemplarv-CVD System « ^ r ^:::^ ^^.i. 

Fig: 2A illustrates one embodiment of ; a sinrplified."- 1 
parallel-plate plasma enhanced cherrocal va^r deposit 35 
tion (PECVD) s^em : 10 having j a preceding chamber 
15 in L which % film according to thW- j^eseht^ invention 
may be de^ft^NTTi^ PEGVD system 10 -:i - 

is sirrplified'for pur^se^ - 
system 10 contains a^gas^distributidh^manto^ &'4o 
dispersing proces^^^ a " 

manifold 11 to a wafer (not shown) that rests fan-a sus- > i .- 
ceptor 12. Susceptor 12 is highly ; h©at respohsrve arxl isj^ 
mounted on supports 13 so that susceptor 12 (arid the — 
wafer supported on the upper surface of susceptor 12) 45 
can be mdved controllably between a lower loading/off- ? 
loading position and an upper processing position ; 14 ' * 
that is closely adjacent to manifold 11. A center board 
(not shown) 1 includes sensors for providing information - 
on the petition of the wafer. : - a -.v. ... so 

When susceptor 12 and the wafer are in processing 
posrtion'14, they are surrounded by a baffle plate -17 
having a plurality of spaced holes 23 that exhaust into 
an annular vacuum manifold 24. A process 1 gas 'source - 
22 supplies deposition and carrier gases through supply - ss 
lines 18 into a mixing sy^eri'igrwhere^they -au^e corrv 1 ' 
b!ned'arid then 4 sent to manifold 1 1 . GasesTsupplied by 
process gas source 22 may included gases (or vapor- 1 * 



ized compounds) such as silane, oxygen, nitrogen, 
helium and other compounds useful in the processing of 
substrates. Generally, supply lines 18 for each of the 
process gases include (F) safety shut-off valves (not 
shown) that can be used to automatically or manually 
shut off the flow of process gas into the chamber, and 
00 mass flow controllers 20_that measure the flow of gas 
or liquid through the supply lines. When toxic gases are 
used in the process, the. several safety shut-off valves 
are positioned on each. gas supply line; in conventional 
configurations. -The rate at which deposition and carrier 
gases are supplied to gas mixing system j 9 rorrtrol- 
led by. liquid or gas mass fiow controllers 20 arid/or^by 
valves. During processing, gas supplied to manifold 11. 
is vented toward and uniformly distribute 
across the surface of the, wafer in a laminar flow as indi- , ' . 
cated. by arrowy 21 . An ; exhaust. system; i^enj^ 
the gas.yia spaced J1oJ» L 23 into ^e.^nujar^y^^unri ^ 
nianHbld^24^and.pu1:M exhaust line 31 ; by a 
pump^sy^em ; (not_sh "The rate. at which ; ga^S:^ 
rel eased Itirough ,©<^us^ jine 31 js cpr*ciled : by, ajthrot^ ^ 
He valv^.32 i: , : ,.^ 4. r .:;u*^ni ^a:^;. y-Q.'AiJ-'v.'. ^riion* f.<- 

The deposition process performed i in; RECVD.sysr.u;. 
tern 10 can be either a thermal process; or/ a^plasma-j ^ 
enhanced process: In a plasma process^a controlled 
plasma Js^forrried , adjacent to, .the ; wafer ,by .radio fre-^ 
quency. ; ;(RF) energy, applied to manifold H.from, RF>v . 
power supply 25. Manifold .1 -l 5 is also; an rRF^ electrode, 
whereas susceptor12 ts^groundediRF power supply25.. 
can supply/either single ior mixed/frequency RF^power; 
(or othef desired, variation) to:manifoWil1yto enhance;, : 
the decomposition :d reactive spedes,jntroduced>ir^o, L : . 
processings ; chamber ^15;^Thedmixed i frequency^ RF; ,^ 
power^is generated by; a. high frequency RF generator , 
40 (RF1) and corresponding match circuit 42 and a low;?- : 
frequency RF. generator 44 (RF2) -and corresponding 
match circuit 46oA highirequency,filter.48.preverits volt-. : 
age generated by. high;freiquency.generator^40;:from^ 
damaging the Jew frequency generator.^ / Oli > L:; s n;KnoT' 

Heat is distributed by an exterhal^lamp module.26. mi? 1 . 
External lamp theater module. 26 provides a collimatedk ■ : 
annular pattern of light .27 through a quartz; window.28 , v 
orrto-an annular peripheral -portion of susceptor i 12... 
Such heat distribution compensates for the natural heat : 
loss pattern of the susceptor and provides rapid and 
uniform heating of the susceptor and wafer for effecting 
deposition. . - - ; 1 : 1 : 

Typically, any or all of the chamber lining, gas distri- 
bution manifold faceplate, supports 13: and. various 
other reactor hardware is made out of material such as 
aluminum or anodized aluminum. An example of such a : ; 
CVD apparatus is described in. U.S. Patent No. 
5,000,113 entitled "Thermal CVD/PECVD. Reactor- and 
Use for Thermal Chemical Vapor Deposition .of Silicon 
Dioxide and In. situ Multi-step PlanarizecL Process,' 
issued to Chang et al. and assigned to Applied Materi- , 
als. Inc., the assignee of the present invention, which is. , 
incorporated herein by reference for all purposes. - 
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A motor (not shown) raises and lowers susceptor 
1 2 between a processing position 14 and a lower, wafer- 
loading position. Motors and optical sensors are used to 
move and determine the position of movable mechani- 
cal assemblies such as throttle valve 32 and susceptor 
12. The heater, motors, valves or flow controllers 20 
connected to supply lines 18, gas delivery system, throt- 
tle valve 32, RF power supply 25, and lamp magnet driv-.. 
ers are all controlled by a system controller 34 over 
control lines 36 of which only some are shown. 

System controller 34 controls all of the activities of * 
the CVD machine. The system controller executes sys- 
tem control software, which is a computer prbgriairf 
stored in a compirter-readable medium ^ch^as a mem- 
ory 38. Preferably,' memory 38 may be a hard di^k drive, : 
but merhory 38 may also be other kinds of memory, the " 
computer program includes sets of instructions that dic- 
tate the- timing, mixture 6l-'^se^ : 'ctm^^'pr^\ire^ 
chamber temperature, RF power levels; susceptor posi- 
tion, arrcl other of a particiilarp^^ 
course? other 1 cbrrputer progra^s'sucK as i -brie* 1 stored' ■ 
on another memory device including, for examples a : 
floppy disk of other another appropriate drrve^may also 
be used to operatesystem controller 34. J: ~ -j. 

In a preferred embodiment;:the system- controller:: 
includes a hard: disk drive 1 (memory :;38), ia floppy /disk - 
drive and a card rack: "The cardTOck contains a single-:- 
board computer (SBC):processor;37; analograrKldigital* ■> 
input/output boardspihterfaw 

controller boards; 5 Various parts oWeCVD systemrjTO ; 
conform to the Versa Modular 'European (VME) stand-. . 
ard that defines board; card cage and connector di men- < 
sions and types. The VME' standard alsoidefines the ^ 
bus structure "h^ngv-a^ie^it-data^twis^and-i^A^bitv 
address bus:-' ^v-Ti'.-n;;: rizAwv ir^vy.-.r^r'^ r.-y& 

The interface between a user and system controller ;> 
34 is via a CRT mpriitor SOa and light pen 50b, as shown ,| 
in Hg; 2Bf which is' a simpltfied : diagram \of the system 
monitor and PECVD system 10 in a mu!tichamber;sys--T 
tern, which may, in the alternative; be a single^amber 
system: In : the preferred embodiment two monitors 50a* 
are used, one mounted in the clean, room wall for the - 
operators and the other behind the wall for the service 
technicians. Both monitors 50a simultaneously display ; 
the same information, but only one light pen 50b is.ena- ^ 
bled. The light pen 50b detects light emitted by CRT dis- ? 
play with a light sensor in the tip of the pen. To select a. 
particular screen or function, the operator touches a 
designated area of the display screen and pushes the ^ 
button on light pen 50b. The touched area changes its 
highlighted color, or a new menu or screen is displayed, ; 
confirming communication between the light pen and 
the display screen. Of course, other input devices;, such 
as a keyboard, mouse or other pointing or communica- 
tion device, may be used instead of or in addition to light * 
pen 50b to allow the user to communicate with system „ 
controller 34.- - - — ■ .- : > * - ^ r _ : -,i 

The process for depositing a film onto a wafer Can - 
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be implemented using a computer program product that 
is executed by system controller 34. The computer pro- 
gram code can be written in any conventional computer 
readable programming language, such as 68000 
assembly language, C. C++. Pascal, Fortran or others. 
Suitable program code is entered into a single file, or 
multiple files, using a conventional text editor, and 
stored or embodied in a computer-usable medium, such 
as a memory system of the computer.. If ,the entered 
code text is in a high level language, the code is com- 
piled, and tiie resultant compiler code is then (inked with 
an object code of precompiled library routines. To exe- 
cute the linked, compiled object code, the system. user . 
invokes the object code, causing f the, computer system 
to load the code in mempry, from which : ^e.CPy ; rjeads . 
and executes the code to perform the tasks idenWiedjn ; 
the program. ^ v ^ r t v-v^vv*; * - 
Fig. 2C shows an illustrative block diagram of the 
hierarchical control structure of the system control f?oft- r,\ - : * 
ware, computer program 70, according to a specific 
embodiment :A\user enters; a process .set numberiand, 
process-chamber-nurrtoe sub^ ^ v .-: 1 

routine-73 . inrresponsehtp menus; pr screens displayed 
on the CRT -monitor by using the lighipeninterfac,^ . 
process sets are predetermined sets of process iraram- 
eters necessary to c^iyvqut specifj^rP/P 
are identified : by„pr^dined s^rhumbers. -Thei process : < yu ^ 
selector, subroutine 73 identifies*^ 

chamber, and:(ii);the d_€ejred set ^prpc^;p^arr^ ... 
needed to operate the prc>cess chamberfo 
the desired process. The process parameters for per- 
forming a specific process relate to prpce^^r^ons-,^ 
such as, for example, process gas 6brr^sition and flow 
rates,r temperature; pressure^plasma .cpnditipns such . 
as R& ixwer-J^jsi ^ Br?; -fr^*^^ 

quency, ceding gas pres^rea ^nh 
ature ; and are-proyjcled ,'ito t ^e;,user v j5 the, ^rm ? :of v a V: 
recipe: parameters ^etf i^tby^the P^oc^ .redpe, „ E ^ f , 
are entered utilizing the light pen/C : > 
The signals forimpnitpring the process are provided by^ <?Vt 
the analogjnput ^ _and. digital jnput b^rds^qf^fre^^^ 
controller, and the signals for control I jng the process are r 
.i Output on the analog output, and digital output boards of, lr;v: 
PECVD system 10, . r . v ; r cj ^- ! r» ir' ; 

A process sequencer subroutine 75 comprises pro- 
gram code for accepting the id enWij^ prqa^ chamber 
and set of process parameters from the process seiec-w, . 
tor subroutine 73, and for controlling operation, of -the -, f .. 
various- process chambers. Multiple, users .c^n fl enter ... f 
process set numbers and process chamber numbers,,©^ 
a user can enter multiple process set numbers and 
process chamber, numbers, so the sequencer subrou- L 
tine 75 operates to schedule the selected processes in : „ 
the desired -sequence. Preferably the sequencer sub- 
routine 75 includes a program code to perform the steps, o 
of (i) monitoring the operation of the process chambers^..,, 
to determine if the chambers- are ,being used,,(ii) deten- ^ ^ , 
mining what processes are, being carried out^in th.e t , . r 
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chambers being used and (iii) executing the desired 
process based on availability of a process chamber and 
type of process to be carried out. Conventional methods 
of monitoring the process chambers can be used; such 
as polling. When the user schedules which process is to 5 
be executed;- the sequencer subroutine 75 can be 
designed to take into consideration the present condi- 
tion of the process chamber being used in comparison 
with the desired process cxDiiditions for a selected proc - 
ess/ or the "age" of each particular user-entered 70 
request br any other reievarit'factbf a : system program- 1 
mer desires to include for determining schedunhg : prior-- 
ities/ - - ' ; 1 - 

Once tiie s^uiericer ^routine 75 ; dSermiries " 
which process 1 ^'^er'ar^^rrce^ set combination - is 
should be ©oiajt^cl^rieiS. : fte f sequmer sijbro^rie 75 
executes the process set by passing the parfcuiarproc- " 
ess set parameters to a chamber manager subroutine 
77a-c that controls multiple processing' -tasks ^iri 
processing chamber 15 t according to the process set 20 
determined by } tH§ l I^Uencer- si5brbutine'75i ^Forexam- 
ple, th^ ;Cramtter ( %a^ ' 
program code foPWrffiplling^sputt 

ss derations in pro^ 5 - : '" 
manager ^tihDUtine ^ '25 
iousbtemi^ 

atiorPctf %e cha^ : 
out tte*s^^|^^ « i:t 
corrporWr^ ^pbsffl6Whg T siib^* ! 

routine 8tfpr6cess ■Qas , mli^qi i ^BriSi6h^ 83^ pressure" 3 rV 30 
control subroutine 85? : Mater l cdn^8rsubroW^ s ' 

plasma control subroutine 90,„ Those having ordinary 
skill in the art wou^ " 
ber control subroutines can be included depending on 
what process|s are ;3esir^t^^ 35 
ing ^i^fet^sy ln L ^er^gfi; ^%^ha^ 
subrbiitiVie <Yfk s^\^we\y^^0u\BS :or calls trie proc- e v 1 
ess comport^ in &x^niaftb^^ 

ticul^^r^Sp^^S^b&Hg '*1exe<fx^ 
manager sff^ifine the prcwjlss cximpo- ; l '40 

nern'suBr(^n^%iM^iy td''fi^tHe^^iuOTcer subrou-^" 
tine J f 5 *sbrY|^ 'bhanftier . ; , 

process s&Ts i& charrH ^0 r 

ber manager su&ro^h^77a includi^&e^of rrortftbr^ 
ing the* 'various ^cHa^ 45 
which corr^Donents needs to'be operated Based bh '"the""' 
process p^meters|6r ^process s#t tb be;executed, -■ 
and causing : ^&ution of alcriamber cbn^ne^sub 1 * 
routine ^ responkive'to' trie' monitbnrtg and determining^ 

Operation of particular ^ " 
routines will now be described with r^erenc'etb Fig. 2C. ' 
The substrate positioning subroutine 80 corrpHses'prb- 
grarn bode'for compiling chamber compaiehts that&re 
used to load | the s&bstrate^b^ 

opticjnaiiy 'to 'ifff 'Ae ^suB^te ;to *a desired ' hagrit'ln^; 
proce^ingchambe'15 io l mi^6i k trt(B' i s^^ng between - 
the suBstrate*'^ ei 



When a substrate is loaded into processing chamber 
15, the susceptor 12 is lowered to receive the substrate, 
and thereafter, the susceptor 12 is raised to the desired 
height in the chamber to maintain ,the substrate at a first 
distance or spacing from .the gas distribution manifold 
during the CVD process. In operation, the. substrate 
positioning subroutine 80 controls movement of the sus-. 
ceptor in response to process set parameters related to . 
the support height that are transferred..frqm.,the. J cham- t 
ber manager subroutine 77a. v . i:\ «*- t 

The process gas control subroutine 83 has program 
code for controlling process-gas composition and flow 
rates. The process gas control subroutine 83 controls - 
the open/close position of the safety shut-off valves, and 
also ramps up/down the mass flow controllers to obtain 
the desired gas flow rate. The process gas control sub-, 
routine 83 is invoked by-the chamber* manager subrou- 
tine w 77a, ; as are all chamber corhponerrt-subrbutines,>i • 
and receives process parameters related to the desired 
gas flow rates from the chamber manager* subroutine^ v 
Typically, ^the* process-gas corrtrol' subroutine-,83 J oper- 
ates by opehing the gas supply linespand rc^eatedly^^n'. 
readirig-the^neceissary-^ 

paring the reading^ to J tHe desired *f bw-raites -received ^ - 
from the -chamber manager subroutine *V77a ^and^(iii) - - 
adjusting the^flcw 'rates 1 of the Qas^Supply^lines as*riefc-c> r 
essary. Furthermore, the process gas control subrou-^ 
tine 83 indudes'steps for hrronrtoring the gas flow rates 
for unsafe rates, and activating the safety shutoff valves- . 
when ^unsafe cc^rtibh is-d^ecSed.'^' -' ^ i m>A>p?u 

-In sbrne^prbcesses; ah inertias such as Jargon i$^ 
direct^ - irrtb*prbc^ir^ to£stabilize ^the- 
pressure iri the chamber before reactive process gases* * 
are irftrodiiced into the^ ^chamber. For-these* processes;" v* 
the jarocesis gas confrblsubro programmed to r 

include ^isteps^fbr 1 lowing' the^iriert^gasnr^ •= 
chamber 1 5 for an arrkjuht erf time hecessaryto stabilize ^ ^ 
the -pr^ure^i^ 

described J above would be carried 'biit^ \- ^dditidnally,^^ 
when a process ^ gas ^is to be va^rizedfrbm^a liquid f pr^* T ^ 
cursor, such as tetraethdxysilarie ! fFEOS); -the process^ 
gas control 1 subroutirie' 83 would be r wntt^ri ito : -include V 
steps 1 for • bubbling -a r delivery! ga^ ' f such as" helium,-i • 
through the? liquid precursor ; in ' a bubbler assembl/ ; br:- 
intrbdiicing : a carrier gasr such as hieliumr to a liquid-^ 
injection system. When a bubbler is used for this type of 5 
proce^, the 'process ' igas control w subfoutine 83 regu- 1 
lates the flow of the ^ delivery gasV the pressure imthe * 
bubbler and the bubbler temperature^iri order to obtain : 
the desired process gas flowrdites.- As disct^ssed above; r - ' 
the desired process gas flow rates are transferred to the 
process gas cbnfrbrsbbroutihe 83 as process parame-* 
ters. Furthermore, 1 the process gas control subroutine^ 
83 includies stelps for obtaining the necessary delivery- ' 
gas flow rate, bubbler pressure -and bubbler terrpera- 1 
ture'for theldesired prbcessgas flow rate by Accessing 1 
a stored table containing the necessary values for a- 
given process gas flow rate. Once the necessary values * 
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are obtained, the delivery gas flow rate, bubbler pres- 
sure and bubbler temperature are monitored, compared 
to the necessary values and adjusted accordingly. 

The pressure control subroutine 85 comprises pro- 
gram code for controlling the pressure in processing s 
chamber 15 by regulating the size of the opening of the 
throttle valve in the exhaust system of the chamber. The 
size of the opening of the throttle valve is set to control 
the chamber pressure to the desired leveHn relation to 
the total process gas flow, size of the process chamber 10 
and pumping setpoint pressure for the exhaust system. 
When the pressure control subroutine 85 is invoked, the 
desired,- or target pressure level is received as a 
parameter from the chamber manager subroutine 77a. , 
The pressure control subroutine 85 operates to meas- 75 
ure the pressure in processing chamber 15 by reading 
one or more conventional e pressure nanometers •■ ^con- 
nected to the chamber, comparing the measure value(s) 
to the target pressure, obtaining PID (proportiorial. inte- - r 
gralr and differential) values from a stored .pressure^.^ 
table corresponding to the target rpressure, jand. adjusts - 
ing the . throttle ivarve ./according s tah the Pip.^yalues^; 
obtained fromthe pressure tables Aternatiyely.-the pres- « 
sure control subroutine 65 >COTvbetwrittj^ 
close the. throttle vatve to a particular opening size < to 25 
regulaie piwessing charnbef-15;tQ:;th^ pres-- rr - 

SUre.':^"< •■ \ .'i-r.; ^?^-:- r ;w t ^V?fp:-*"}rK^ 

? The heater .-control* subroutine 87iComprises prp-^, - ; 
gram code fbri cor^lling-the- ternperature qf : ^ernaK v 
lamp module 26 that feused ;tq> heat the. si^r^e. The m : 30 
heater, control subroutine i L 87 js v al^-invok^ 
chamber^ manager subroutine ^7arj^ : rae^ 
get or set-point; temperature iparOTeter. The -heater ...... 

control subroutine 87. measures^ the, temperature by ~ 
measuring yortege v output : qf a ^ermpcquple located in ,35 
a susceptorJ2,^comp^ 

the set-point .temperaturei ,andjncr<eases. or.decreases 
current applied to external lamp i module 26 to obtain the xi 
set-point vtemperature. ^The ten^jerature v is -.obtained^-, 
from the ; measured ^vqrtage->byJook^ 40 
sponding temperature: in r a stored, ronyeisjon 4abje 0 or, v 
by calculating the itemperature , using a fourth-qrder po\-.. . 
ynomial. When radiant Jamps are used to, heat the susr w . : 
ceptor -12, the heater control .subroutine: .87. [gradually ... 
controls a ramp up/down of current applied to the lamp. ± 45 
The gradual ramp up/down increases the life and relia^ , 
bility of the lamp. Additionally, a builtrin, fail-safe mode 
can be included to detect process safety compliance, r 
and can shut down operation erf external lamp module 
26 if processing chamber 15 ; is notproperlyset up. . so 

The plasma control subroirine,90 . conprfees pro- ,, 
gram code for setting the low ; and high frequency RF 
power levels applied to the process electrodes in 
processing chamber ,15, and to set the Jow frequency 
RF frequency employed. ^Similar to the previously. ^ ss 
described chamber component subroutines, the plasma, r 
control subroutine 90. is invoked by , the chamber ^man- 
ager subroutine 77a. • . , ,:- f »t --V- 



The above description is mainly for illustrative pur- 
poses and should not be considered as limiting the 
scope of the present invention. Variations of the above 
described system such as variations in supporter, 
design, heater design, location of RF power connec- 
tions and other variations are possible. For example, the . 
wafer could be supported and heated by a resistiyely, . 
heated platen. Additionally, other plasma. CVD equipr 
ment such as electron cyclotron resonance (ECR)-. 
plasma CVD equipment, induction-coupled Rp L high 
density plasma CVD,, .^uipmerrUor, the like may, be . 
employed. Films and deposition rates, other, .^anJthiKe , : . 
disclosed may also be used with trie method of the.,, 
present s invention. A„ ^capping .l^yer^ardrnask .. and 
method for forming .su(^4''i^^9^r^in9'^ .^ t !presf lit. {Mt 
invention are thV<efore^otJir^ed to any ^ecific appa- 
ratus or nriefhod.,., V <* l.X-x, - ; , .,, .^i^.../ 

III. Exemplary Structures . ^u.l- i,J !f . .. 

A,capping layer, A aocprding to. the.present jnve^pn,^„ 
is a.layer.otjow ; nrtragen^^ ^j. 
betw^n ^da^ 
ing in\the ph^oresiit^ 
ess wr^out^subs^tiaii^ 
opticdxiij^ 
a capping layer „rnay.^ 
the underl^i^J^ 

c hardmas^ jiwrtn^k^r^^ . { f 

be u^ito.patte^ srt^or^ *c '■•?nc 

A. An Exempl^ f Sfrudtu^ Layer 0N 

Fig, 3A is.aar^lrfi^ crpss^e^ , 
strate 20Q accqrdi^to one e^|dim^ ^^ejjcperit r , . 
irwentfon/ (; ln Bq.?3A. a cam\mMY& z ti''fo* H^^.j ,^ 
i nvenfonJcOT Is deposited Between can - ^ ^ 

v entional photoresist, and AR CLlavftrs fnhnto^^stllaye^ 
2 20 , n and ... ARC, ,,2T0, ? r r^ jgect^ely). r% ^ t ^pr^ousiy^ 
desc*j^ t ., .^FJC 40 2jq ^reduces t ritt^^ 
waves, and other" optical ; phenome.na^ ^ 
^ayer v Z2QV Thjs ; r^jjees Rations, in the ^flras'^e;^,, 
ated during Ae exp^ure pt^ 

. increas^ ^e accuracy, of ^ 1(f 
. mask (not shown) f and ^ photoresist layer. 220.^ ^ ARC^210 : ^ 
is preferably a (aver of siiicon ox^itride^SidyNY ^^ wjtH.', 
a refractive /ndex^nj, absorptive index (k), ref lectanp^ . ; . . 
(r) and ^ickness (t) selerted.to minimize r^lec^ons at' t 
the wavelength of radiant energy employ^!. Ihede^ 
parameters are also selected with regard to the material 
upon which V^RC 2i [Ojs, dej^isited (i 4 e., ^^e cxjrripcsition ^ 
of underlying layer 230)._ , . r , : 

For use ih.ARCs, a silicon as^hnderompbundjs^ . 
preferred over traditional organic compounds for at least 
the following reasons. First, ^silicon, oxyhitride ts prefera- 
ble because pf .tfie' ease with which such a process rray ^ 
be integrat^.wrth.o^er.swbsfra^ ; " 
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tions. and the material's well-understood optical quali- 
ties and process parameters. Additio nally, nitrogen, in, 
the Joi m of nitrogen-containing substances such as 
nitroqen_(N ? ). may be added to a silicon oxj ^JSlmJo 
subtlj^alter^the-film's-optical-qualilies. This permits i s 
accurate control of the film's optical parameters such as 
refractive and absorptive indexes. .v. ... .... 

Used alone, however, an-ABS-SOlaining-a given 
amount of nitrogen will caiisie a / corresponding degree 
of footing in a' subsequently applied photoresist layer. 10 
thereby reducing patterning accuracy. As noted, this is 
due to this photoresist material's' boring witt aminos 
groups (NH 4 + ) at an upper surface-211 of ARC 210; 
Thus, because ARC 210 is preferably a silicon "axyni-" 
tride (SipxN Y ) layer, some degree of -footing; can be is 
expected to occur in photoresist layer 220. At least two 
solutions to this problem exist. One solution is to reduce 
the amount-of nitrogen^ contained ^in ^ARC 210. ^This m 
might- be accomplished,^ for example,' by- modifying one 
or more process parameterSii such as theriitrogentflow .. - 20 
rate However/ : such .a ch^geMh-'process parameters^ ^ 
will likely cause uhdekired side-effects such as altering. ^; * : 
the optical qualities' cfrARG J 2ib£which -iroy T^uirejfur^^- ? 
ther changes in the process parametere^ itis- f. 
possible to<X)rrect : fbrthe nitrbgeh d^ Addition- > zs 
ally, it-maywbt-^ 

tent sufficiently to adequately reduce footing whi|eV^^ 
maintainihg^cceptabie optical qualities in; ARC 210: A 
second alternative js to pi3i^ivaterthe>amino;grouj3KS by oiK, 
providing a materiaf to Which i the amino groups at upper tfb 
surface 21 1 may bond> According to fre present inven- > 
tion, this may be done by depositing a low nitrogen con- 
tent layerweriAR<5210P ^^t'i;* il^vo^:^ 

FiQ? 3A :i illu^fetfe ; a^stf£icture ^a<^njing-to" :i the 
present inve^bn^hawirig^uch a layer; which is^shbwrv • 35 
as a capping layer ^ 240? C apping layieir 240 is a lavieriQfr U a 
l ow nttn&en ~cdment J m^^ 

dei x>^^, between-AB C:210'ahd r phdtdrea^ 220 ^ - 
to reduce^footihg in Vphotbresist layer 220: ; Preferably^ » j 
capping layer 240 u? is fdepdsited ' to^ a « thicknessUo f - no 
b etween about 50 A and^1 50 a wnen tne wavelengm of . 
radiant energy used to develop photoresist lay^ 220 is; 
about 248 5 nrtir - These s thicknesses are-the ^minimum ^t'£ 
thicknesses to which i capping layers can be deposited • 
while niinimizing reflections from ARC 21 Oand underly- li 45 
inglayer230. ' : v 1 ^.^iv^ « . si: - 

These thicknesses were found to be preferable by ^* 
simulation and experimentation. Capping layers were 
deposited to a thickness of approximately 100 A, which 
provided a substantial reduction in footing without, so 
noticeably affecting the ARC'S photolithographic per- 
formance. Additionally, simulations were performed that - 
paralleled these results. These results are further v 
explained in the section oh experimental Vesults. - — 

However, the optimal thickness of capping layer. 1 55 
240 varies with the'cbmposrtibVi of underlying layer 230. 
This is especially truie if capping layer-240 is SiO^-in 11 
which case the optical parameters of capping layer 240 - 



are simply those of a typical SiOx layer. Thus, only thick- 
ness remains as a means of adjusting the optical quali- . 
ties of capping layer 240. The thickness of capping layer 
240 must therefore be adjusted to account for the opti- 
cal qualities of the interface between ARC 210 and 
underlying layer 230 

Capping layer 240 provides several benefits. Cap- * 
ping layer 240 reduces footing without adversely affect- 
ing reflectivity at the photoresist/oxide interface or other- 
aspects of the photolithographic performance of ARC 
210 by covering upper surface 21 1 of ; ARC 210 -with a 
low nitrogen content- layer. * In essence; the amino * 
groups at upper surface 211 bond to capping layer 240. * 
Because capping layer 240 contains little or no nitrogen. - 
a minimal' numberamino g rou psAarejpresented to pho- 
toresist layer 2 20: -Without these-amino< groups,- the 
developing process is able to more completely remove < 
the photoresist material in junction areas, such as junc - 
tion areas/150 and 1 60 in Fig. .1 A, thereby reducing foot- 
ing and : increasing the. accuracy , of the. .patterning 
process.. t-;. ^ i^srv-. s\^ :i ^i;u\ teiii-a.:* i^rA 

The present invention r.also.allows . an , ARC.^to * be 
optimized for -the rrateria! upon .which .H wILbe depos-. v- 
ited (e:g.. aluminum, polysilicon or tungsten. : silictde) , 
without -regard for footing or ^theieffects , of i:a. tapping^ v ■ 
layer deposited to reduce that footing.; A capping layer 
may be . applied^ over; the ^ARCi.with substantiaHy^no 
adverse effecteL on. .the^ARC's^ photolithographic per- , : 
formance.^ThisbiSi preferablectoiialter natives ^such - as.^ 
increasing , an ARCs.lhiclOTess^or^artering .the ABCs^r 
composition to reduce footing; because a change: in 
ARC thickness or composrtion^wcxildvrequire reoptimjt^ 
zation of the ARC'S optical parameters. Thus, an ABGj t - 
process optimized for a particular underlying, layer :iieed 
not be altered to take, advan^ge.c^ 
tion/" Moreover.? aside *from ;not requiring jreoptimizationi: 
of the - process^ a process capable^of^depositingXia 
SiOxNy-basedVARC may ; also bemused :to.,deposft;: //*;'. -v 
s/ft/.^a structure having an ARC and , capping layer^ with • . 
Irttie modification»of thexiriginal.process recipe. .Lsrfc:;* v 

B. An Exemplary Structure=Employing a Hardmask-o,^ 

Rg. 3B is a simplified cross-sectional view of sub-, 
strate 200 according -to another ; embodiment of ;.the - 
present invention. In Fig. 3B,va-low nitrogen content 
layer is deposited to a thickness sufficient to form a- 
hardmask 250. Hardmask 250i depdsited between ARC *z 
210 and a photoresist layer 225, improves accuracy in :. 
the transfer of a pattern from- a mask (not shown) to „ 
underlying layer. 230 in aUeasMwo ways. Rrst. hard- , 
mask 250 reduces footing, by p>assivating amino.groups^ 
existing at the upper surface of ARC 210, in the manner 
previously described. Second, hardmask 250 protects 
underlying layer 230 in the event that photoresist layers 
225 exhibits low etch selectivity, avoiding .inaccuracies v. 
in patterning caused by the over-etching ,of photoresist - ' 
layer 225. 
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Hardmask 250 is preferably deposited to a thick- 
ness between about 700 A and 1100 A, significantly 
thicker than the 50 A-to-150 A thickness preferable with 
capping layer 240. However, the optimal thickness of 
hardmask 250 varies with the composition of underlying 5 
layer 230, in a fashion similar to that of capping layer 
240. Again, the thickness must be adjusted to minimize 
any adverse effects on the advantageous optical quali- 
ties of ARC 21 0. For example, hardmask 250 is prefera- 
bly about 900 A in thickness when underlying layer 230 ■ - 10 
is composed of tungsten silicide (WSix) or polysilicon. 
but is preferably about 850 A in thickness when underly- 
ing layer 230 is composed of aluminum. Thus, the thick- . 
ness of hardmask 250 must be adjusted to account for 
the optical qualities of the interface between ARG-210 15 
and underlying layer 230 (e.g.. minimizing reflectance, 
not altering the phase shift caused by ARC 210 and the - 
lik ). ' - - 

Moreover, multiple reflectance minima' exist for a 
given underlayer and ARC^Tbese minima are periodic, 
After the first minimum, which occurs at the minimal 
acceptable thickness- (that of ! a capping layer), these 
minima occur'apprOTm^ Thus, reflect- ■> 

ance minima occur for a capping layer/hardmask ever 
tungsten silicide at about 100 A, 900A; 1700 A and so **25 
on. A hardmask nriay 'therefore be deposited :to>any: of w 
the acceptable thicknesses -at which there 'is' a reflect-. * 
ance minimum. The thickness chosen will depend upon 
restrictions such as* the amourrteof protection required - 
and the amount of time permitted, for the hardmask's so 
deposition. These* and - other -measurements ' r > are- ? 
described in more detail in the section on experimental' * : 
results." ; * ^ i^or^o €^P : " n^tf 

Aside from reducing footinig^ a haixlrhask can also, 
improve patterning accuracy.- *lf.a^ photoresist 1 layer's t 35 
etch selectivity is low, the etching operationmay remove *r: 
not only the exposed areas of the runderlying layer, butr > 
portions of the photoresist layer as wellf This may allow Cv 
previously unexposed portions of the underlying layer to 
be etched. It is therefore* preferable for . a photoresist ^40 
layer to exhibit high etch selectivity because of the 
increased patterning accuracy that high etch selectivity; 
provides. High etch selectivity is exhibited, for example, 
by photoresist layer 220 in-Fig. 3Ai Photoresist :layer 
220, as illustrated in Fig 3A,vis not appreciably eroded *.<45 
during the etching of underlying layer 230, . and so con- 
tinues to protect unexposed areas of underlying layer 
230 from the etchant Although some photoresist mate- 
rial is normally removed during etching i extremely low ' 
etch selectivity, such as that exhibited by photoresist \so 
layer 225 in Fig. 3B, may allow photoresist layer 225 to 
etch through (or back, away from the exposed areas of 
the underlying layer) to the point that portions of under- 
lying layer 230, which should have been protected, are r - 
also etched. Such unwanted etching may cause unde-^55 
sirable variations in surface topology and device charac-; - 
t eristics, and may even render devices thus fabricated 
inoperable. 



Hardmask 250 can significantly reduce such 
unwanted etching. Hardmask 250 better protects under- 
lying layer 230 from the effects of etchants in areas 
where photoresist layer 220 has been over-etched in at 
5 least two ways. First, hardmask 250 acts as a buffer 
layer by covering underlying layer 230 with an additional 
thickness of protective material. Second, depending on 
its etch selectivity with regard to the etchant employed, 
hardmask 250 may actually etch more slowly than pho- 
to toresist layer 220. ARC 210, however, Jsoften unsuita- < 
ble for providing such protection because of, the need to 
reoptimize its optical parameters to account for changes .. 
in thickness or composition and, in some cases, its low 
etch selectivity. ^ .. s l. y ■ «. f .^^.J. 

is Fig. 3B illustrates the effects of the low etch selec- , 
tivity of photoresist 225 and the extra protection r * 
afforded by hardmask 250; As shown -ia Fig. 3B,» pho-^ 
toresist layer 225 exhibits extremely low etch selectivity. . 
with respect to underlying layer 230 and thus expert; 
20 ences overretching;? For example,- photoresist layer t 225 ^ . 
is etched back from gap 245^However, the use of hard- ^ ? . - 
mask -250' avoids ^over-etching of {underlying : layer, 230. : - \y : , ; 
Instead of underlying layer 230 being etched back to the : rr - 
point of an- over- etch profile 2OT-(shown ! :in i phantom 0r . 
25 lines in ■ Fig. 3B), .hardmask ^250 f prevents- expraure^qf ^ 
these areas; thereby .helping toimantaipja^esired^pror: 
fDe285.,; !;?-*v>; -^.^h?-- -r^n-ny^; " : r;-* • yPti'^f? 't^ 
Additionally; photoresist layer -225 may ;S*jffer./etch- r .:c. : , 
through in various places.rwhich ^ 3B- lfy 
30 by an ^etch-through: 260., HaitJnrask,2^a!so- protects ^ 
underlying layer 230^ in : these .areas^Due^ to t the etch y^ 1 • 
selectivity of hardmask 250 and-the attendant increase 
in the overall thickness of the layer oif nrrateri^ protecting ^ 
underlying layer 230, the prof ile of unde/rying layer 230 
35 is left jntact. Only a small amount-ofcta^ 

etched : away during the ; etching,'op.OT - ; .- v * 
r gests>thatpatterning^operations t e^ > 0 
of the present invention willyield a more accuratelyspati 
temed finished layer (he, underlying layer 230,after pat-*. . . 
40 teming) and a more even surface topology. ^ m.^.: r-^oafv; 
Hardmask 250may also beusedasaima^ . 
the patterning of underlying layer, 230 byJirst patterning 
^&Wdmask 250 and ,then^using hardmask 250, to pattern,.^ 
underlying layer 230: Fig. 4 illustrates the steps per^. 
45 formed jn carrying out such a process, and is described ; . 
with reference to the elements shown in Fig. 3B. First i; 
underlying layer 230 is deposited at step 400 using an 
appropriate deposition . method. Next. ARC 210 .is 
deposited over underlying layer 230 to improve accu^,^ 
so racy in ; the patterning of photoresist layer, 225 (step 
410). At step 420, hardmask 250 is depositedjn a. thick- t , 
ness appropriate, to Hs use with ARC210 and underly- . 
ing layer 230. This is followed byi.the application of ... 
photoresist material to form.photoresistlayer.225 (step : 

55 430).-. . i,^;,>: :r vvr..- 

Next, phqtorjBsist layer 225 is developed (step.440), , 
and the pattern created in photoresist layer 225 is trans- ,, . 
ferred to hardmask 250 by an etching, operation .(step :V 
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450). The remaining portion of photoresist layer 225 
may then be removed (step 460), if removal is desirable 
at this point. Next, underlying layer 230 is patterned 
using hardmask 250 (step 470), after which hardmask 
250 and ARC 210 are removed (step 480). This avoids 
the problem of the photoresist etching away prior to the 
completion of etching the underlying layer. In this.man- 
ner, the mask's pattern is accurately transferred onto 
the layer being patterned, a ,^ ( . t 

Alternatively, according to a more traditional tech- 
nique, photoresist layer 225 may be left in place during 
the patterning of underlying layer 230, and ^subse- 
quently removed along with hardmask 250 and ARC 
210. The point m this iprocess at which the remaining, 
portion of photoresist Iayer 225 is removed depends on 
the etch chemistry and integration. scheme employed/ 
An integration scheme includes factors such as the type 
of equipment used, the' level of device integration, the 
types of devices being created and other such factors; A 
significant factors " possible*^ 
photdresi^ ? s H reiTOvali- which - may to e * more * acceptable 1 
during the ; removals of the -remaining -portions of ^ th# 
other layers: 
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IV. Deposition of a-Gappina Layer or Hardmask 25 

The deposition of a coping layer or hatrdmask ^ c 
requires ^process capable of d gposi tio g -a-lo w hitroflp h 
crmtf^filmataj ow^^^ ^ 
the accurate a>ritr6l' r ofiffl 

process capable of dej^iting^a f silicon* oxide laya- at sl»'>&™ 
ratejrttlety^ 

is prefe rable/ l Be^useVa- coping layer differs^bm^a^^ 
^TTardmask^onl^ 
used; in' tteircr^ti^ 

depoatidn*\timei which is^ increased - to- deposit -'the - ^ 
thtcker-K^mas)Cf n esJ^Eto* ^isJ.^^" 
Hg?5 illu^rate£ : bn^^ of such a ! methods ^ 

which 'deposits -'a 'ti^pihg layer or hardmask according ^ 
to fhA YfiAth^-f^^tHft-prfyeht: invention ^This process js^> 40 
£<escrjb^ 

showrTirTFigrSA. The process is capable of depositing; ; r 
for example; a silicon oxide capping layer over the upper ^ 
surface of a substrate positioned in processing-chamber 
15. P resSu rejn proces ^q chai^eKl5 at -45 

about-5:5-torr.as process g ases are infrod uced-at-step ; 
520._ Thisse prdcess: oases j preferably ; includ fi^silahe 
(Si Ha) and hftrbus oxide (NjO). 'Nitrous oxide is : an - f * 
accebtable process gas because ^ little- or none) of - th e 
nitrogen therein is incorporated into the resiitting film; 1 so 
However/other processes fbr depositing a : silicon oxide - 
film may be used, as loiig as' the process selected pro- 
vides the necessary control of 'thickness. Examples of; '- 
acceptable processes includes a PECyD prjpcess using 
TEO S arid bx ygehjOp). : a thermal CVD process using 
TEOS iihd 'ozonet tOs), f arid 'growing a silicon -oxide 
layerrOfpfimary importance^ the film's rate of forma- 
tion, which should allow for the necessary control over 
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the film's thickness and uniformity. , 

Silane is introduced into processing chamber 15 
preferably at a rate between about 5 seem and 50 seem. 
Nitrous oxide is introduced into processing chamber 15 
preferably at a rate between about 10 seem and 1000 
seem. Next helium is introduced into processing cham- . 
ber 15 at step 540. The preferred flow rate for helium is 
between about 500 seem and 5000 seem and is most 
preferably about 1900 seem. The prececfing -silane flow 
rate ranges identified as preferable represent admixture 
containing between about 0.1% arid 10% silane, by vol- 
ume. The preceding helium flow rate ranges identified 
as preferable represert a. mixture containing between 
about 50% and 90% helium,. by volume.; These ratios . 
allows the deposition of SiOx to proceed at. aerate. that... 
permits the accurate control. of film jthickness necessary , 
in depositing a capping layer or hardmask., Because it is, 
possible to substantial ly reduce footing using sucha s il? . v 
icon oxide layer, a-cappinq layer or hardm ask of a dif fer- >:Y^ 



et£ matgr1§rsfibuld normaily ^contain no imore . nitrogen 
than^ucbya lay er Hewever, a^differentclevekoT^niTrogeng^ ! 
contentmay be acceptable as.aimaximum rf theiresult?, 
ing degree^of.fboting (i.e., inaccuracy) ,is,acceptablel A.C;\n. . 

RE power supply 25 supplies RF energy to form a a 
(ximroiled plasma adjacent to the substrate at step 560. 
RF power supply 25^preferablyj:suppliesiRFl. power 1 
between about 50 W ^and:500jW to,manrfold .1 1;. prefer-^ . 
ably ata frequency of about 1 3.56.>MHz ^ The substrate 
tergTjp^tijrfiisi n the ranqe^loO-jOO^.iAt step 580l a; A 
capping jayer ( or hardmask):is defposrted.bv maintainin g / 
the preceding. co ndttiorts. y uv^n o ;,^u, 7, ^.c; ;^ i-Sc^, 

The process ggi^m eters and*gas jntroductidn rates. 
described herein j^ nTre^ for a: lamprj/^ 

heated DCVD o<Silane ^Chamber ^manufactured, ^by* /, 
Applied (Materials. Jnc., outfitted} to process 8-inch, sub-., 
strate^However^ the process^describedrabove ;is' not^i^ 
intended to limrtiihe method ofAtheipresentvinvertion^J^ 
For example,^ resistiyely^heated -DCVD DxZ Chamber 
manufactured* by Applied Materials/ 1 Inc.. outfitted v to, i>- 
process 8nnch substrates may also be* used .to deposit .< 
a structure according^to'-the method :iof / the present ,;r 
invention using process parameters and.gas introduc- . 
tion rateis'similar to those described herein:* Moreover. 
other chamber^ sizes- or chambers,- -including those 
made 1 by -other manufacturers,, .may » be^ employed, \, 
although such systems may utilize different process valr 
ues. As previously noted, other gases* may be used, to 
deposit a film of the type described herein. ^ w. ~ 



V. Experimental Results ; 



A structure according to the present invention, such 
as that illustrated in Fig. 3B, was simulated to determine . 
the preferred characteristics of a capping layer (or hard- 
mask); The process parameters ^previously indicated > 
were found to result in the most preferable characteris-- 
tics. The simulation was performed using a Prolitho sim- 
ulator with Positive/Negative Resist Optical Lithography 



11 



21 



EP 0 840 361 A2 



22 



Model version 4.05a. The Prolitho simulator was config- 
ured with a deep UV radiant energy source having a 
wavelength of 248 nm. An exposure energy of 26 mJ 
was simulated using a development time of 80 seconds. > 
The simulation used a simulated photoresist approxi- § 
mating the characteristics of APEX E photoresist:- A 
substrate of tungsten (W) and silicon (Si), in the form of 
tungsten silicide (WSix). was used as the substrate, 
upon which the subsequent layers were formed.-At 248 
nm, the simulated tungsten silicide substrate exhibited a . w 
refractive index- (n) of 1:93 and absorptive index (k) of - 
2.73. A polysilicon substrate was alsoisimulatech 

A silicon oxyn'rtride (SiOxNY) r ARG (or.DARC) was 
used in these simulations because the'use of such an 
ARC is preferred iri the present invention: The simulated " is 
DARC was tuned for deep UIV, and exhibited a refractive' - 
index of 2.15 arid absorptive- index of 0.53; again -at a : - 
wavelength of 248 nm: The DARC's thickness A was - 
selected by ~ simulating various?; DARC thicknesses 
between'50 A and 1000 ^ This was done for aDARG -20 
layer applied over both turig^en silicideiand pdlysilicon.r ^ . 
As expected;: the^rrririirraim^reflectrvrty at theiphotore-^ ; 
sistfDARC interface (Occurred at fa D^RG- thickness of ^ r 
about 300 A: v. V? n~fyoiy. '.-=-: i-woq ! • 

The results of these simu!atidns:are ! shown in i .Rgs. ^ 25 
6. 7; 8 and 9^Rg&£6'and;7:;i^ 7 *V : 
capping layer/haidmask thicknessh Lower Reflectivity >is 
desirable T because reflected light can [-cause problems vir 
such as N standing waves rand runintended 'photoresist^ vv 
exposure, as iprevibusly>discussed^?Rg. ; 6; shows* this *q 30 
relationship for a structure having a capping :layer/hard-: v :. 
mask and DARC deposited over a tungsten silicide sub- 
strate.* Fig: ^T- shows this relationship r ; for- a < similar 
structure deposited over a polysilicon substrate: In both :? 
simulations ■ the capping layer's ^(hardmasKs) thickh essy.; r . ss 
was variedfrorri 50 A to >1 000- A; while holding the DARC?ip . 
thickness constant at'300^ i^i^m s^ftuS -.tf bsbri-r* 

As'shownin Rgs: 6 and -7.^ capping layer approxi- , r ; 
mateiyMOO'.A in thickness: does^nbt .substantially/! ;\ 
adversely raffect Ihe reflectivity * of .the^ARC/substrateso^o 
interface; when deposited over -either tungsten silicide ? f . 
or polysilicon substrates '(Figs.- 6 -and 7.- respectively):^^ , 
Such a capping layer fe: also^capaWe'of reducing toot- ^ 
ing f but is too thin to provide the other advantages pre- 
viously mentioned regarding * low etch -selectivity.^ *s 
Additionally, no appreciable increasein ref lectrvrtytwas - v* 
exhibited at a thickness of about 900 A. This suggests - 
that a 900 A-thick hardmask may be used as a masking,— 
layer during etching without affecting DARC lithography 
performance At about 900' A in thickness; a. hardmask so 
is capable of providing the previously mentioned advan- 
tages regarding problems caused by photoresist with 
low etch selectivity. - ■-. - ^ 7 * " > *. , 

Rg. 8 is a graph of photoresist line width versus . 
photoresist layer thickness. Line width -is, , as the term. , ss 
suggests, the width of astrip of material deposited on a 
substrate. In the simulation, photoresist layer thickness 
was varied from 800 nm to 900 nm. The simulator then- 



computed the resulting photoresist line width, using an 
ideal line width of 0.3 tun. Photoresist line widths varied 
dramatically when only a photoresist layer was used. 
Without an ARC or capping layer, photoresist line width 
varied between about 0.17 jim and 0.29 jim, and aver- . 
aged about 0.216 jim, as trace 810 in Rg. 8 illustrates. 

The addition of ah ARC visibly improves consist- ^ 
ency in line widths over variations in the photoresist 
layer's thickness. As illustrated by trace 820, photoresist^ 
line width only 1 varied between about .0,275 v^m-and 
0.310 Jim; averaging about 0:289 ^m ; . when-a^DARCv- . 
was used. The addition of ai hardmask further reduces, - 
variations in line width assotiated with.changes inpho^ 
toresist layer thickness. A 1 00 A capping layer v (shown 
as trace 830) varied only between;about;0:270 : |im and r 
0.310 ^ averaging about 0.292 nm. r A 900/A capping^ 
layer (i.e.; r hardmask; shown - s as rtrace v 840) actualjy/.. 
improves line-width acx^acy^ even more than a.lOp.rA v- 
capping layer, varying only, between t about^273 
and 0:305 jim,- and averaging about fJ.295 ^prm Thus;ji n p :c , 
the combination of a capping, layer , (or- terdmas 
DARC may be expected tojimproye the accuracy, of Ratj n i » , 
tern transfer between a mask and a photoresist layen^]. , ? , r n< . 

Rg. 9 shows a graph indicating reflectivity versus 
hardmask thickness Jor ahardmas^ y 
deposited over aluminum. Hardmask thickness was' 
again tvaried rfrom O A; to :! 1000. A, whilejihoWing the. 
DARG> Sickness c cpnstant H at 270rj^^ 
increase, rin *ref le^vtty; -was t e^ibrted ^al^a ihardrnask^ ri o 
thickness-of^aboirt^ a^hard^ e - 

mask, 850j A inifricknessrm^ 

layer- during ;tha etching of f an^umin w , 
adversely affecting DARC ijthog^^ , - . 

minimum.ijn r refletf^^ 
thickness =range*reflect^ 

for an aluminum sd^^e^d.^out^r^. "^e^mi^m^^^ 
value below that sirjtply indicates that noti ; app!yigg N a f >i 3i ^ 
hardmask .causes^no, increase ; i^^ 
ously*noted,*reflectance^minirm^ 

of about 800^ This pefipdicr^riSrevidentri^ r , 

of reflectivity^ versus ^^ng^yer/har^mask thjdgjess^.^ . 
jn.RgSi6^7,and,9.^)^?.^ f^^ok^ «r;T' <;y. nv^:- - 
The physical i e^ecte ; <ifta : c^pingJayeciarf eyWent v . ir . : 
in Rgs.- r 10A and 10B. Rg. ;1 OA shows a sinning elec- T ; ?( j 
tron microscope (SEM) >photogn^ of a ph r. 
strip without a capping layer.. A large amounjt of footing . 
is evident abthe strip's, bottom .edges. It isAis^fopting ; 
that leads to ; unwanted varjatipns.jin lin^ : .width |in the 
resulting (psrtterned). layer.. In LRg.vtOB, shpw? { an SEM ; 
photograph of. .a photoresist : .strip t - over ,- a : stmcU£e 
employing a capping, layer., As nQted^earlier, .ftx)ting Js ^ 
visibly reduced, by ttie inclusion .pf. a capping Jayer into tyl . 
the photolithographic process., .... , ^^ ^ ^ 5 
The method of -the present invention: ^ not intended to . .. 
be limited by the specific parameters set.. forth jn^the, ; 
above .experiments. For example, although ^heljum is f 
used in a preferred erribodiment, other inert gases may 
also be employed, as jmay other, sources of .silicon and 
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oxygen. Also, the thicknesses indicated herein are only 
exemplary, and film properties (e.g.. thickness) may 
vary without substantially adversely affecting the photo- 
lithographic process. Different materials will mandate 
different capping layer/hardmask thicknesses. s 

Claims 

1. Method for depositing a film over a substrate, in 
particulare for reducing footing in a photoresist io 
layer deposited over a substrate, comprising the 
steps of depositing an antireflective layer compris- 
ing silicon, oxygen and nitrogen over the substrate; 
depositing a capping layer over said antireflective 
layer, said capping layer being low in nitrogen con- is 
tent and deposited to a thickness selected such that 
said capping layer does not substantially adversely 
alter optical qualities of said antireflective layer; and 
depositing the photoresist layer. 

20 

2. Method of claim 1 , wherein said antireflective layer 
comprises silicon and oxygen. 

3. Method of claim 1, wherein said capping layer is 
deposited to about 900 A in thickness and said 25 
antireflective layer is deposited over a tungsten sili- 
cide layer. 

4. Method of claim 1, wherein said capping layer is 
deposited to about 900 A in thickness and said 30 
antireflective layer is deposited over a polysiticon 
layer. 

5. Method of claim 1, wherein said capping layer is 
deposited to about 850 A in thickness and said 35 
antireflective layer is deposited over an aluminum 
layer. 



8. Method of claim 7, wherein said photoresist layer is 
removed prior to removing the first portion of the 
layer. 

9. Substrate processing apparatus for depositing a 
fflm over a substrate, comprising a housing forming 
a chamber, the substrate being disposed in said 
chamber; a gas distribution system for introducing a 
first process gas and a second process gas into 
said chamber; a controller, including a computer, 
for controlling said gas distribution system and said 
substrate processing system; and a memory cou- 
pled to said controller comprising a computer-read- 
able medium having a computer-readable program 
embodied therein for directing operation of the sub- 
strate processing system to deposit said film, said 
computer-readable program code including a first 
set of computer instructions for controlling said gas 
distribution system to introduce said first process 
gas into said chamber, said first process gas com- 
prising silicon, oxygen and nitrogen; a second set of 
computer instructions for controlling said substrate 
processing system to deposit a first layer compris- 
ing silicon, oxygen and nitrogen over the substrate; 
a third set of computer instructions for controlling 
said gas distribution system to introduce said sec- 
ond process gas into said chamber, said second 
process gas comprising silicon, oxygen and helium; 
and a fourth set of computer instructions for control- 
ling said substrate processing system to deposit a 
second layer over said first layer, said second layer 
being low in nitrogen content to reduce footing 
experienced in a subsequently applied photoresist 
layer and deposited to a thickness selected such 
that said second layer does not substantially 
adversely alter optical qualities of said first layer. 



6. Method of claim 1 , comprising the steps of remov- 
ing a first portion of said photoresist layer, a first ao 
portion of said capping layer and a first portion of 
said antireflective layer according to a mask pat- 
tern, thereby creating a remaining portion of said jy 
photoresist layer, a remaining portion of said cap- 
ping layer and a remaining portion of said antire- 45 
flective layer, and exposing a first portion of the 
layer substantially similar in shape to said first por- 
tions of said photoresist layer, said capping layer 
and said antireflective layer; and removing the first 
portion of the layer, leaving a remaining portion of so 
the layer substantially similar in shape to said 
remaining portion of said photoresist layer, said 
capping layer and said antireflective layer. 



7. Method of claim 6, further comprising the step of ss 
removing said remaining portions of said photore- 
sist layer, said capping layer and said antireflective 
layer. 
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FIG 1 A (Prior Art) 
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FIG 1 B (Prior Art) 
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REMOTE SYSTEM FIG 2B 
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FIG 6 ™ l|TH / 2 

The Positive/Negative Resist Optical Lithography Model, v4.05a 
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FIG 7 PROLITH/2 

The Positive/Negative Resist Optical Lithography Model, v4.05a 
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FIG 9 PR0LITH / 2 

The Positve/Negative Resist Optical Lithography Model, v4.05a 
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FIG 10 A 
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